Background: Accurate and rapid assessment of allograft function is essential. Cystatin C has recently been proposed as an alternative marker of glomerular filtration rate (GFR). Its diagnostic value for the longitudinal assessment of graft function has not been addressed well. Objective: To study the validity of cystatin C as an early marker and predictor of acute transplant rejection in the first week post transplantation. Subjects and Methods: Sixty six renal transplants recipients recruited. The study conducted in four renal transplantation centers in Baghdad for the period from September to December 2011. Serum creatinine and cystatin C concentrations measured 48 hours before transplantation and day 3 and 7 post transplantation. Results: Serum Cystatin C observed to significantly increased at day 3 (p<0.0001) and still increased at day 7 in the rejection. On day 3 areas under the receiver operating characteristic (ROC) curves were 0.749 for creatinine and 0.909 for cystatin C.
Renal transplantation is the best treatment option for ESRD patients.
(1) Accurate and rapid assessment of renal function and glomerular filtration rate (GFR) is crucial in renal transplant recipients. (2) Many methods to determine GFR have been described, including clearance assays using the "gold standards." of exogenously administered substances such as inulin. However, they are rarely used for routine measurements due to their complexity. Measuring serum creatinine is the most commonly used method to rapidly assess kidney function, but it also has several disadvantages such as inaccuracies attributable to gender differences, muscle mass changes, or variations in tubular secretion of creatinine. (3) Human cystatin C is a non glycosylated, low molecular weight (13-kd, 132amino-acid) protein that is produced by all nucleated cells at a constant rate, modulated by intracellular protein, freely filtered by the renal glomeruli, and catabolized in the tubules. Cystatin C and others has been proposed as a suitable alternative to detect a reduced GFR. (4,5) Its endogenous production rate is unaltered during inflammatory processes. It appears to be independent of gender, age, nutrition, medications, or body mass. Furthermore, its renal clearance is similar to that of exogenous substances. (6) Cystatin C increases about one to two days earlier than serum creatinine in patients developing AKI.(7,8) Cystatin C based GFR after transplant has been used to detect allograft rejection and monitor drug nephrotoxicity, with reported diagnostic value. In kidney transplant patients, cystatin C was reported to be more sensitive than serum creatinine for detecting decreases in GFR and delayed graft function, offering an opportunity for timely intervention. (9, 10) Cross-sectional studies in patients with stable transplant function have indicated that serum Cystatin C discriminates an abnormal GFR more sensitively than serum Cr in the transplant population. (11) The measured serum cystatin C values are more stable with less inter individual variations. This is in contrast to the measured values of creatinine. This can be explained by a non return of the filtered cystatin C to the circulation. Thus, as long as glomerular filtration is preserved, serum cystatin C remains stable. Creatinine but not cystatin C is also secreted by the cationic organic acid pathway, a mechanism that displays a large inter-individual variation. (12, 13, 14) Samples were collected 48 hours pre transplantation, and the 3rd day and in the 7th day post transplant. Five milliliter of blood drawn from each patient after an overnight fasting by venous arm puncture, and was allowed to clot and settle for 15-20 minutes at room temperature. Samples were centrifuged at 3000 rpm for 15 minutes. The sera were removed by disposable micropipette then analyzed. Each serum sample was analyzed for cystatin c, urea, creatinine and glucose. All assays were done by running at least duplicates sample for test, control, standard, and the results of these tests were expressed as (mean ± SD). The Cystatin C assay employed the competitive inhibition enzyme immune assay technique with an antibody specific to cystatin C has been pro coated onto a microplate. Standards or samples are added to the appropriate microliter plate wells with HRP-conjugated cystatin C and incubated. The kit provided by Cusabio, China. The normal value range of this kit was up to 60 ng/ml after control for the local population. (18, 19) Serum urea was determined by using a ready-made laboratory kit supplied by Bio Merieux AS, France. The principle of determination was based on the enzymatic hydrolysis of urea. The normal value range for that kit was 20-45 mg/dl. Serum creatinine was determined utilizing a ready-made laboratory kit csupplied by Randox Laboratories, England. It had been determined based on the reaction of creatinine in alkaline solution, with picrate to form a colored complex ( Jaffe reaction). The normal value range for the kit was 0.7-1.4 mg/ dl and 0. 
Statistical Analysis:
The results were presented as sample size (n), mean ± standard deviation (SD), and standard error of mean (SEM). The statistical significance between the groups was analyzed by study -Pearson chi-square test, t-test and correlation test between various parameters considering P-value < 0.05 as significant, P-value < 0.001 as highly significant. All statistical significance was done using SPSS version 10.01 computer software (Statistical Packages for Social Sciences).
Results:
The study recruited sixty six renal transplant recipients with 42 males and 24 females. Their mean age was 36.9+11.43 years. The mean body mass index (BMI) was 22.7+2.87 kg/m 2 . Hypertension was the prevalent cause of ESRD in the study group (78.8%) followed by diabetes mellitus (16.7%), lupus nephritis (3%) and recurrent urinary tract infections (1.5%) respectively.Fifty eight patients 87.8% had excellent graft function. The other 8 rejected and rejection confirmed by allograft biopsy. Table 1 describes the Baseline characteristics of the study group. The mean serum cystatin C 48 hours before transplant was higher in the rejected group than recipients with excellent graft function (1027.37±457.56 vs. 922.60±334.86 ng/ml ) but this was not statistically significant difference (P0.001<) by ANOVA test. There was a highly significant difference in serum cystatin C levels between rejected and successful transplant groups at day 3 (P0.001<). In successful transplants, serum cystatin c level decreased significantly day 7 of transplantation compared with the pre-transplantation values (p<0.0001).In opposite to cystatin C, serum creatinine the rejected group was not significantly elevated at day 3 compared to the pre transplantation values (2.8 mg/d vs.7.6mg/dl. (p> 0.05)). At day 7 the difference was statistically significant (5.1 vs. 7.6 mg/dl, (p<0.001)) implicating the delayed elevation of serum
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creatinine in response to acute graft injury. Figure 1 shows the difference in cystatin C values between the two groups.There was significant positive correlation between cystatin-C level at day 3 and day 7 with the FBG level (p< 0.0001). Receiver Operator Curve (ROC) Analysis revealed the association between rejection and serum CyC in day 3 and day 7 (Cystatin C day 3 = 0.909; Cystatin C day 7 = 0.943). When compared to creatinine there was significant positive correlation between cystatin C level at day 3 in rejected recipients (0.909 vs. 0.749). At day 7 the association was not significant. Figure 2 discloses the correlation between cystatin C and creatinine in patients with rejected graft. Figure 3 shows ROC plots for the diagnostic accuracy of serum concentration of Cystatin C and Creatinine at day 3. Table 2 shows the frequency distribution of the study group mean serum cystatin C and creatinine by time before and after transplantation. 
Discussion:
In this study serum cystatin C seems to be a marker of GFR that bears certain advantages over the most widely used surrogate marker of creatinine based GFR. The important one is the early elevation prior to creatinine with a predictive potential on the immediate and possibly the short term course pos transplantation. In kidney transplantation, it is still unclear if cystatin C offers significant advantages over creatinine (and derived GFR estimates) for long-term management of allograft function. (20, 21) Although diabetes mellitus is the most common cause of ESRD worldwide, still the number of transplanted diabetics in our country is not consistent with the international data because of the inherent fear of surgeon to go for diabetis with their multiple comorbidities. Diabetes and pre-diabetes associated with 8.5% higher levels of cystatin C and 3.9% lower levels of creatinine. This can be explained in part by relation to body mass, mostly fat mass; but the mean BMI of the study group was 22.7+2.8 which is not the definition of obesity. In a study by Lu Wei there was an Influencing coefficients of factors on serum cystatin C in patients younger and older than 60 years old (0.075 and 0.015 respectively). (22, 23) In the present study, during the first few days after transplantation the increase in cystatin C serum levels subsequent to high intravenous doses of corticosteroids administered during the first 3 days after transplantation. Other factors may contribute like leakage of cystatin C from the tubules to the circulation, and impaired filtration of cystatin C caused by increased protein binding. (24, 25, 26) The maximum dose of steroids used was 7 mg/kg/day and the dose variation in the study population was small. This probably renders the steroids effect on cystatin level not so apparent. The use of Calcinurine inhibitors could also explain some observations of cystatin C concentrations in the transplant population. Xu et al and Poge et al both found lower cystatin C concentrations in patients using cyclosporine. However, Bökenkamp et al found no association between cyclosporine dose or cyclosporine trough concentration and cystatin C level in 44 kidney transplant recipients. Discrepancies in these studies might be caused by lack of adjustment for kidney function by using an accepted reference standard like 99mTc-DTPA with no association between mycophenolate mofetil, tacrolimus, or cyclosporine use and cystatin C level. (27, 28, 29, 30 ) During the first 3 days after transplantation, there was strong correlation between serum cystatin C, creatinine and GFR. Cystatin C level started to elevate on day 3 and continued to rise significantly on the seventh day in rejection patients. From day 3 through day 7 there was a significant positive correlation between serum levels of creatinine and cystatin C r=0.5. Thus Cystatin C was/ may be more sensitive and specific than creatinine for estimation of GFR with acceptable sensitivity and specificity. Reza Hekmat and Hamid Eshraghi suggested that, in patient with acute rejection in the 7th day after transplantation, the increase in cystatin C level began approximately 4 days before serum creatinine began to increase. (31) Thus after transplantation, cystatin C may be a more accurate marker of glomerular filtration rate than plasma creatinine. It may allow earlier diagnosis of renal dysfunction than doe's plasma creatinine but it's still not the sole marker for successful transplantation and graft function assessment needs other markers to be confirmed. This may be of clinical importance, for both the presence and the duration of delayed graft function (DGF), therapeutic interventions and may correlate with both short and long-term allograft survival.
